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Abstract 
A new experimental laser setup has been designed to perceive the distinguishing features between total and superficial skin. The 
selectivity of which is based on wavelength affecting the penetration depth into the skins. The optical property of blood depends strongly on 
physiological parameters such as oxygen saturation, osmolarity, flow conditions, and hematocrit. As media for light propagation, most human 
tissue is considered as turbid. Turbid tissues are heterogeneous structures and correspondingly have spatial variations in their optical properties. 
The spatial variation and density of these fluctuations make these tissues strong scatterers of light. In the absence of absorption, a significant 
fraction of the photons launched into these tissues are scattered multiple times, giving rise to a diffuse and largely incoherent field of 
penetrating light.
  The continuous wavelet transform technique, a time-frequency method with logarithmic frequency resolution is used to analyze blood 
flow in human peripherals. The blood circulation was measured by laser Doppler flowmetry. The blood flow oscillations extended over a wide 
frequency scale and their periods varied with time. Within the range of frequency 0.02Hz to 0.06Hz is studied and revealed, arising from both 
local and central regulatory mechanisms. In this way it is demonstrated that endothelial activity is a rhythmic process that contributed to 
oscillations in blood flow with one of the characteristic frequencies. This illustrates the study of the potential about laser Doppler flowmetry 
combined with dynamical systems analysis for studies of the microcirculation mechanisms of blood flow regulation in vivo. 
Keywords : Auto Regressive; Continuous Wavelet Transform; ECG-Electrocardiogram; Heart rate variability; Wavelet transform. 
1. Introduction 
One of the most popular applications of wavelet transform is signal processing. The advantage of using wavelet-based 
coding in signal processing is that it provides significant improvements in analyzing the frequency intervals over conventional 
techniques. Since wavelet transform has the ability to decompose complex information and patterns into elementary forms, it is 
commonly used in acoustics processing and signal processing. Also, Wavelets are used to calculate the time versus frequency 
analysis of a frequency spectrum. Moreover, wavelet transforms can be applied to the following scientific research areas: edge 
and corner detection, partial differential equation solving, transient detection, filter design, Electrocardiogram (ECG) analysis, 
texture analysis, Biomedical signal analysis and business information analysis. 
 Continuous Wavelet Transform (CWT) is very efficient in determining the damping ratio of oscillating signals (e.g. 
identification of damping in dynamical systems). CWT is also very resistant to the noise in the signal. 
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2. Materials and Methods 
The general block diagram of the overall experimental setup is shown in the Figure. 1. 
  
Fig. 1. The general block diagram of the overall experimental setup 
2.1 Laser Multi-Sensor Meter 
We have used a 5mW Helium-Neon red laser as a source of 632.8nm wavelength. The amplitude of the signal related to 
photons scattered by red cells is very weak compared to that due to scattering by static structures of the skin, and never exceeds a 
few tenths of a percent of the total intensity which depends on the state of the microvasculature. Because of the low amplitude of 
the signal, it is necessary to take into account any source of noise in the system itself. Gas lasers have two kinds of intrinsic 
noises are mode interferences and wide-band thermal noises. 
2.2 Tissue Optical Properties  
As optical media, these tissues have been successfully modeled as two-component systems which are randomly 
positioned scattering and absorbing particles which are embedded in a homogeneous continuum. In spite of the complexities of 
actual tissues, this simple two component model has proven to give a satisfactory description of optical transport in tissue for 
many case of interest. 
2.3 Effective Index Of Refraction  
  
Since some portion of the scattered field, even if multiple scattered, can maintain phase coherence with the initial field, the 
coherent portion of the scattered field will interfere with the original unscattered light. This interference manifests itself as a 
phase shift, and hence a time delay, which imply that the speed of light (c) in the medium is altered, and hence the effective 
index of refraction τ0, is affected by the scatterers. For a slab of tissue with no embedded scatterers, a photon takes to traverse (τ0) 
by the tissue (1) is 
τ0  = ( nm  /  c ) L            (1)
where L is the width of the tissue sample and nm is the refractive index of the medium.  
Table 1.Index Of Refraction For Various Tissue Components 
Tissue Description Wavelength(nm) Index of Refraction Ref. 
Skin Human Stratum Corneum 400-700 1.55 [1] 
Human 
Fat Subcutaneous 456-1064 1.44 [2] 
Human 
Blood ------- 633 1.4 [3] 
  
 The index of refraction for various tissue components of different tissues are tabulated in table 1. Each measurement is 
acquired from a different random location of the tissue.  
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2.3 Data Analysis
Light beams coming from 632.8nm helium neon (He-Ne) Laser is focused into the diameter of an 126 micrometer 
optical glass fiber which guides the light onto the skin. A part of the backscattered light enters the fibers which are nearby the 
transmitting fiber over its whole numerical aperture and is fed to signal processing circuit.   
 In this approach a polarized helium-neon Laser with 632.8nm wavelength of 5mW   as a red source is used. The 
amplitude of the signal related to photons scattered by red cells is very weak compared to the scattered photons by static 
structures of the skin, and never exceeds a few tenths of a percent of the total intensity. 
  
 Because of the low amplitude of the signal, it is necessary to take into account any source of noise and in particular, the 
Laser itself. Gas Lasers have two kinds of intrinsic noises. They are mode interference noises and wide band thermal noises. Due 
to this the Gas Lasers are not preferred. In the case of the helium-neon Laser, we have reduced the second type to less than 0.1 
percent rms by slightly diminishing the tube current without sensibly affecting the luminous output power.
 The aim of this study is to demonstrate the superficiality of the response of the different subject’s blood flow. The 
elegant analog processing method of Nilson et al [4], giving a real-time calculation, could have been used, but it is sensitive to 
the flux as the global product. Therefore, the more complex spectral analysis has chosen which gives frequency spectra, the 
amplitude and frequency distribution of which are related to concentration and velocities of red cells, respectively. The photo 
current is converted from analog to digital and the signal analysis is carried out by a microcomputer by using the MATLAB 
software. 
3. Continuous Wavelet Transform 
Wavelet Analysis is a scale-independent method. As in the windowed Fourier transform, one begins with a window 
function, called a mother wavelet is given in equation (2) as ψ(r). This function introduces a scale (its width) into the analysis. 
Commitment to any particular scale is avoided by using not only ψ(r), but all possible scaling of ψ(r) the mother wavelet is also 
translated along the signal to achieve time localization. Thus a family of generally non orthogonal basis functions 
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is obtained. Parameter p is an arbitrary non negative number. The prevailing choice in the literature is p = 1 /2 [5]. The use of 
scaled and translated versions of a single function was proposed by Morlet [6] in the analysis of seismic data. 
The continuous wavelet transform of a signal g(r) is given by the equation (3) as  
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The wavelet transform ),( bag  is a mapping of the function g(r) on to the time-scale plane. The function can be recovered by (4) 
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Where F is decided by the shape of the mother wavelet. If only 0<F< ∞  the reconstruction is possible. By combining the 
reconstruction formulae and properties of wavelet transform the total energy of the signal g(r) is calculated by equation (5) as 
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The Energy density γ of the signal in the time scale plane is given by the equation (6) as  
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                   (6)
and the function is often called as scalogram. 
The function ),( bag  depends on the mother wavelet used. With the help of this mother wavelet, the frequency 
constants in the given time interval can be obtained. Time localization is performed by implementing a window function and by 
superimposing this function with a sine wave, the frequency content in the mother wavelet can be captured. The Morlet Wavelet
is a Gaussian function superimposed with the a sine wave with a basic frequency   0ω .The time domain representation of the 
mother wavelet is given by (6) as 
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The value of 0ω  give the correlation between localization in time and in frequency. The shape of the wavelet has singular time 
events for smaller 0ω  value whereas better frequency localization is obtained for larger 0ω  values. The value of second term 
2/2re−  in the equation (7) is small and by ignoring in practice the modified form of the Morlet Wavelet in time domain (7) is 
given as 
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The choice of 0ω  is a compromise between localization in time and in frequency. For smaller 0ω , the shape of the wavelet 
favors localization of singular time events, whilst for larger 0ω  more periods of the sine wave in the window make the frequency 
localization better. For 0ω  > 5, the value of the second term in (7) is so small that it can be ignored in practice and a simplified 
expression for the Morlet wavelet is given as (9) in the time domain is  
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The corresponding wavelet family consists of Gaussians, centered at time t with standard deviations s in the frequency 
domain we have Gaussians with the centre frequency  
s
0ωω =  and a standard deviation of s-1 . Therefore, the wavelet 
transform at a given scale s can also be interpreted as bandpass filtering giving an estimate of the contribution of the frequencies 
in this band. The relation between the scale and the central frequency for the Morlet wavelet is given by (10)   
s
0ωω =
                    (10) 
The frequency resolution changes with frequency at low frequencies with large scales and the resolution is better than at 
high frequencies with small scales. Accordingly, the time resolution is better for high than it is low for low frequency 
components. In order for peaks to be detected at 1ω  and 2ω ( 1ω  > 2ω ), they must be separated by atleast one 
half of the standard aviations of the peak at the higher frequency , namely 
0
1
21 2 ω
ω
ωω ≥− . The choice of 0ω  thus 
determines the current frequency resolution )(ωωΔ . If two peaks are closer than )(ωωΔ , one peak may be masked by the 
other. Calculation using a higher 0ω  can reveal such cases [7]. 
 The wavelet transform is a linear method and thus detects linear combinations of characteristic frequencies unless their 
magnitude is very small. In a system with more characteristic frequencies, it is sometimes difficult to recognize these linear 
combinations and separate them from true characteristic frequencies.   
4. Frequency Intervals 
Based on the physiological knowledge, frequency intervals are characterized by determination as 0.02Hz – 0.06Hz in the 
analysis of the Heart Rate Variability (HRV) and blood pressure signals [8]. In most of the earlier work between the low 
frequency interval ranging from 0.003Hz to 0.04Hz were used for the analysis of Heart Rate Variability as its standards [9]. This 
difference is explained by the different methods used for the spectral estimation in the standard analyzing of heart rate variability 
were based on Fourier and autoregressive (AR) methods. The superior frequency resolution of wavelet analysis is the low 
frequency band interval which we select as 0.02Hz – 0.06Hz. A characteristic peak with a frequency around 0.04 Hz has been 
observed in the blood pressure and blood flow signals and in the Heart Rate Variability signal. It was attributed either to the 
metabolic [10] or to the neurogenic activity [11], the neurogenic activity is superimposed on myogenic activity in the regulation 
of the blood pressure through the regulation of the vessel’s radius’s [12]. In humans, Kastrup [13] demonstrated that this peak 
disappeared completely after denervation, both after local and ganglionic nerve-blockade and after sympathectomy. 
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Table 2. Hematology of Subject 1 (Normal Subject) 
1 R.B.C 5.17 millions/μl 
2 P.C.V 44.8 % 
3 HB A1c 5.4 % 
4 MBG 100 mgs/dl 
Table 3. Hematology of Subject 2 (Diabetic Subject)
1 R.B.C 5.21 millions/μl 
2 P.C.V 41.3 % 
3 HB A1c 15.8 % 
4 MBG 513mgs/dl 
  
To give a preliminary introduction to estimation the blood glucose level of diabetic and non diabetic patients from the 
micro circulations. The He-Ne laser operating at 632.8nm wavelength is used. We can compute various associated parameters 
viz. blood pressure, blood cholesterol and blood glucose from blood flow. The Table 2 and 3 shows the hematology values of the 
subject1 (Normal Subject) and subject2 (Diabetic Subject). Blood viscosity has been influenced significantly by the blood 
cells(RBC’s), Hemoglobin, mean blood glucose(MBG) and  packed cell volume(PCV). The difference in these values between 
normal and diabetic subject was noticed. This may help to correlate the hypo and hyper glycemic state with viscosity of the 
blood.  
5. Result and Discussion 
 The resistance to blood flow is determined not only by the radius of the blood vessels but also by the viscosity of the blood. 
Plasma is about 1.8 times as viscous as water, whereas whole blood is 3 – 4 times as viscous as water. Thus viscosity depends for 
the most part on the hematocrit, i.e. the percentage of blood occupied by red blood cells. The effect of viscosity in vivo deviated 
from the predicted by the Poiseuille-Hagen formula. In large vessels, increases in hematocrit cause appreciable increases in 
viscosity. However, in vessels smaller than 100 μ m in diameter, i.e., in arterioles, capillaries and venules, the viscosity change 
per unit change in hematocrit is much less than it is large bore vessels. This is due to a difference in the nature of flow through 
the small vessels. Therefore, the net change in viscosity per unit change in hematocrit is considerably smaller in the body than it 
is in vitro. This is why hematocrit changes have relatively little effect on the peripheral resistance except when the changes are 
large. In severe polycythemia, the increase in resistance does increase the work of heart. Conversely, in anemia, peripheral 
resistance is decreased, in part because of the decline in viscosity. Of course, the decrease in the hemoglobin decreases the O2
carrying ability of the blood, but the improved blood flow due to the decrease in viscosity partially compensates for this. Also 
blood glucose as on e of the parameter which alters the viscosity in the blood flow [14].  
Viscosity is also affected by the composition of the plasma and the resistance of the cells to deformation, clinically 
significant increase in viscosity are seen in diseases in which plasma proteins such as the immunoglobulin are markedly elevated 
and in diseases such ass hereditary spherocytosis, in which the red blood cells  are abnormally rigid. In the vessels, red cells tend 
to accumulate in the center of the flowing stream. Consequently, the blood along the side of the vessels has a low hematocrit and 
branches leaving a large vessel at right angles may receive a disproportionate amount of red-cell poor blood. This phenomenon, 
which has been called plasma skimming, may be the reason why the hematocrit of capillary blood is regularly about 25 % lower 
than the whole body hematocrit. 
The continuous wavelet transforms output of the patient 1 and patient 2 are shown in Fig. 2. (a) and Fig. 3. (a) 
respectively.  With the corresponding image of the patient 1 and patient 2 with the 100mg/dL and 513mg/dL are shown in Fig. 2. 
(b) and Fig. 3.(b) respectively, with the same frequency range 0.02Hz – 0.06Hz.  
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Fig. 2. Continuous Wavelet Transform output of patient 1. (a) scales versus time plot of  patient 1 with 100mg/dL and (b) the corresponding image with the 
frequency range of 0.02Hz – 0.06Hz.  
  
                      
                                          
Fig. 3. Continuous Wavelet Transform output of patient 2. (a) scales versus time plot of  patient 2 with 513mg/dL and (b) the corresponding image with the 
frequency range of 0.02Hz – 0.06Hz.  
With the increased evidence of the potential interaction between hemodynamic and vascular pathology and interests in the 
applications of Doppler technique, this paper describes a method to measure blood glucose concentrations noninvasively and 
simultaneously. The overall influence of the frequency range 0.02Hz – 0.06Hz on the blood flow signals within the sample 
durations are shown as black and white images. With white part shows the influence of the frequency range 0.02Hz – 0.06Hz on 
the blood flow signal for 100mg/dL as 40.99% and for 513mg/dL as 42.16%. 
6.  Conclusion 
 In the sampled durations of Blood flow signals measured by Laser Doppler Flowmetry, the oscillations at the different 
time scales are present. To analyze them, a continuous wavelet transform gives the information by fully dilated. The length of the 
wavelet is more comparable to the length of the signal and therefore it extracts the low frequency trends of the signal. So that it 
contain time varying characteristic frequencies spread over a wide range, the use of adjustable windows should be considered 
mandatory. Therefore, the continuous wavelet transform is needed to need the mathematical requirements of a time – frequency 
analysis with good results. The blood glucose level in clinical non invasive method is 99 mg/dL and in our non invasive method 
is 99.31 mg/dL. The percentage of error is 0.3% [15]. The statistical analysis of the above work is already done [16].   Red blood 
cells (RBC’s), HbA1c, HCT and blood glucose plays a major role in blood flow. It shows clearly the influences of the frequency 
range 0.02Hz to 0.06Hz are increased with increasing in blood glucose level. The evidence given here provides the concentration 
of blood glucose as one of the parameters which involved the blood flow oscillations. The influences of  frequency range 0.02Hz 
to 0.06Hz are higher in Fig. 2.(b) than in Fig. 1.(b) which clearly shows the blood glucose concentration in blood increases the 
influence of the frequency towards the low frequency (white image).  
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